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Ze INTRODUCTION 


The eurrent development of muclear powered aircraft involves 
mony problems which are relatively wrimportant in the design of large 
permanently loented reactors, One of these problens is the design of 
shiedéing sxvengmentes uhigh WAL materially veduee tho weight of the 
shield and yet sufficiently protect the crew. One possibility is the use 
of o shadow shield between the resetor and the crew compartment, Another 
is a split siteld where the shielding placed next to the reactor reduces 
the ruvliation te som degree end aicitional shielding placed around the 
crew compartment reduces ihe radiation within the compartment to per~ 
tiiesible levels. 

With shielding arrangenenis of these or similar types some of the 
reactor=produced neutron and jemmeray radiation will ve scattered by the 
structure of the alrerafte To design the shield properly, the ascunt of 
this seaticred radiation that enters the crew compartment must be found. 


This om either be done by mathematical or direct measurement methods, 


Considering the complex structure that an airplane necessarily has, the 
latter method employing a model of the airplane is probably the more 
feasible ways 

Thus, the relationship between the scattering by the model and the 
fullescale structure must be mows This relatdionsiip with a oimplified 
structure was the object of this investigation. 
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TI, REVIEW OF LITERATURE 


No investigations on the subjeet of similitude considerations in 
the seatioring of neutrons and game rays by structural matcrial were 


Glasgow (1) investigated the scattoring of neutrons from the walls 
ani air of @ laboratory by suspending from the center of the ceiling a 
source and detector at various distances abeve the floor of a cuble 
Yoom, ‘the expressions he usei for caleulating the expected scattering 
were for an infinite air nediws and for the flux of scattered nenigons 
yetuming to a sovuree when the source ia midway between two nonecapturing 
Seniewinfinite media, hore the wells, 

Plesset (2) developed formulas for the intensity of gamma rays 
seattered by air from a gouree to o receiver but restricted his analysis 
to single scattering, ie mate similar calewlations for the intensity of 
neutrons singly seattered by air from a souree to a receiver, He also 
developed approximate expressions for the reflection of gemma raye and 
neutrons from a sendi~infinite slabs 

As a continuation of this, Plesset and others (3) illustmated by 
exect calculations the geometrical effecte of the sise of a shadow shield 
@nd a source on the intensity of gamwm rays seaticrad into « reesivers 

The gama ray backscattering fron various materials was investigated 
experimentally and qualitatively by Hine and McCall (4). The emoerimental 
procedure invelved placing a point source on or having 1% suspended over 
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the horizontally placed seattering material with a Hel(T2) crystal 
detector placed vertically above tim sowree. The resulta wore plotied 
to show the velutionship between the seabtered gemma raya and the 
energy of the primary cama radiation for the various peomwiries used, 

Pleaset ond Cohen (5) presented formulas for the caleulation of 
the differential eress section dofao for the scattering of gama rays 
inte an element of solid ancle ax gave a graph of dofdo versus ine © 
angle of scatter, Also, the development of an expression for the 
intensity of the gama radiation at «a point in an infinite medium dus 
to the divect radieiion ani seatteral radiation was givens 

All of these investigations were mate with point receivers and 
With whet can be considercd infinite or semi-infinite seatiering 
media, in the problem investigaiead in this thesis detectors of finite 
as the seatterin; medium, thus, these related investigations could be 
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the scattering of newtrons snd gemma rays by thin cylindrical 
sholle was investigated analytically and an attest was mae to verify 
these resulie by experimental means, The analytics]. investigation ws 
made for point sources of radiation and finite size detectors, with the 
source positioned verticelly below the center of the detector ond with 
the center line of the detector coincident with the center Line of the 

wally, the sesitering of newtrons and gamma rays by 21,87 

SF isa We het Sai Wy hha Dd Vek Celt Sl 
However, the experizental results were overshadoued by the relatively 
large statistical deviations that were introduced when correcting the 
ng apy oe annog headin acta bead engnnbediueierd 
and the rootie 
Attempts to reduee this extrancgus seattering to an acceptable 
Jevel were unsuccessful, ‘Thus, ihe experimental yesulies with the ex+ 
ception of a few of the gamma ray readings neither proved or disproved 
the analytic), findingse The few exceptions noted only tenled toward 
support of the anclytical, results and no positive conclusions could be 
dranme 
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IV. THEORETICAL AHALYSIS 
&e Assumptions 


The theoretical analysis of this preblem concerning simi litude in 
neutron end gemma ray seatioring would have been extremely complicated 
Without certain simplifying assumptions. These included the followings 

Tt was asoumed that the sources of rediation were point sources 
and that the neutrons or gamma rays were exitted isotropically, This is 
@ vVelid asswaption for very emall finite sources, If the finite source 
Cannot be considered very small, out is sti11 small compared to the size 
of the scattering material, it can be approximated by a series of point 
GSourcese 

Any scattering or absorption of neutrons or attenuation of gamma 
rays by the air was assumed to be negligible. That thie is a valid 
asoumtion for neutrons follows from the magnitude ef the prebability 
that a neutron will be seattered or absorbed in aire The probability 
that a neutron will penetrate the air or other ‘material a distance x 
without being seattered or atecrbed ie 6” where = in the necresseple 
eross section for ihe event in questions 

For a substance composed of more than one element 2 is caleulated 
by using the formula 


S21 Ss (2) 
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where ¢ is the density of the substance 
Ho is Avogadro's muxber 
f, is the weight fraction of the ith element 
of the substance 
O, is the microscopic eross section of the ith 
Clement for the event in question 
A, is the atomic weight of the ith elenent. 
For air at standard conditions, the value of =, (scattering cross 
ihe) en Galealabed with thde equation fe haS x 38" ens tnt Oe 
value of a” (absorption cross section) 48 7.2 x 107 ome, 

The maxima neutron peth Length from the source to the detector 
in this experiment was approximately 65 cm. Thus, the probability 
thet o neutron would be scattered by the air in this experiment was 
about 0,03 for the maximum distance and considerably less than this for 
the winimum distance. The probability that a neutron would be absorbed 
wes approximately 0,005 for the maxiwum distance, These probabilities 
are for thermal nevtrons. As the neutron energy increases =. remains 
about constant and +, is reduced considerably, so the absorption 
probebility will be less than 0,005 fer higher energy nowtrona.s 

That the attemation of gamma rays by air is very smell can be 
ween by applying the factor e”/“~ which is the probebility that a gama 
vay will penetrate a distance x into 4 mediua without being involved in 
any reaction that contributes to its attenuation, The total absorption 
eoefficiont ., is the sum of the absorption coefficients for phote~ 
Glectric effect, Compton scattering, and pair productions For airy 
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and Oeh0 x 207 om," for , Mev game rays (5). ‘therefore, the 
probability that ao gamm ray within this energy range would be 
attenuated by the alr was about 06,0065 to 0,0026 for the maximum dis- 
tanee involved in this experinente 

Another asewsption used concerned the mumber of scattering 
Collisions undergone by each neutron in the 2h$7 alwwinum or Alclad 
2487 aluminum ¢ylindrical shells, It was assumed thet each newtron 
that wee soattored ves involved in aly one essttoring ollAetens A 
Consideration of the mean free path for neutron scattering A, in 24st 
@luniowm slloy or Alelad 287 aluminum alley shows that this assumption 
is velid, ‘he mesn free path Ag 18 equal to 1/2. Equation (1) 
was evaluated to fini 2° 

incr heady’ tet Mtl sone inde nie Wi aia wala 
cubic cme ani ite nominal composition (4) 46 he per cont copper, 0.6 
per cont, manganese, 1.5 por cent magnesium, oxi 93.) per cent aluminum 
with its normal impurities, ‘These normal impurities axl the permisse 
ible maximum of each are 065 por comt trum, 065 per cent silicon, 0.1 
per cent aine, and 0.1 per cent chromium. ‘The cledding material, 
wich is nominally 5 por cent of the totel. thickness of sheet 0,06) 
diuch or over in thickness and 10 per cent for sheet Jess than 0.06) 
inch thickness, has a density of 2.71 gram per cubic om, Ite nominal 
Comosiiion is 99.3 per cent minimum alunime with impurities of 0.7 
per cent maximum iron plus silicon, 0.1 por cent maxim copper, Gel 
per cent maximum gine, and 6.05 per cent naxinmum manganese. 

Asowming thet the amount of the impurities present is one-half 
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of the mucin, rz 4 for thermal neutrons for this alley 45 04093 
one ont =, » ber Sib eansatng 0 0405 Thus Ags whieh Like 
2 g reneins approximicly comioant with Increasing neutron energy, 

is 10.6 em, for the alloy ond 11.76 on, for the cladding, These values 

when compared with the nexienm effective thickness of the material 
considered in this experiment, viuich is about 0.62 ome, show that the 
asoumption of only one collision for each neutron scattered should not 

have introduced any great errors 3 

This scattering vas assumed to be spherically symotrical which 
would only be true if the mass of the seattering sucleus was auch 

. Larger than the mass of the neutron, 4 measure of the auisotropy of 

the neutron seaticring ig the average cosine of the soattering angle 

in the laboretory eysten, Glosstoue and Bld (7p pe 97) showed that 

this average cosine for neutrons with energies Jese thon a fou Ney 18 

given by the equation 


al 

where A is the mase nurber of the sexttering mierial. The mass mmber 
of 237 aluminun alley, wrieh is the sum of the weighted mass numbers 
of the constituents, i9 23,89, the snes mober of the tladding eonputed 
in @ similar serewr ie 27610. Thus, tos F te 0.0831 for the alloy 
ad 0,026 for the claddin: wich indicates that the anisotropy is 
relatively lows 

The slowing dom of fast neutrons is due almost entirely to 
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elastic seatioring of the nevtrons upon collision with nuclei of the 
noderater, therefore, it was assuned that oll the eollisions in the 
scattering mierial were elastic, | 

Throughout the entire development, the absorption cross section 
Sot datvemad, ts be endl eemeenld with the ebebvenlen Greet iaethans 
Actually, since the absorption cross section for most elements decreases 
fairly repidly with increasing neviren energy, this ascuaption would be 
of Little concern in the designing of shielding that aust protect 
persomiel fron structurally scattered neutrons, Any shicld that would 
protect then from fast neutrons would be effective against slew neutrons. 
Therefore, only calevlations for fast neutron scaticring would be 
necessary and in this energy range tim absorption cross section isy 
with Cow exceptions, much smiley than ihe scattering eress sections 

if for some reazon the number of seatiered slow neutrons must be 
known, this can be estinnted quite acourately by slightly modifying the 
@quntion developed for fast nevironss ‘This modification is given at 
the end of the development of tho fast newtron scattering equations 

The mean free path for neutron seattering A, is actually a 
function of energys Ef the source of neutrons ie not mancenergetic, 
tits introduces another variable, However, A, is practically a con= 
stant for newirons up to about 8 or 10 Mev and, therefore, it ws 
assumed that a constant value couki be used for a polyenergetic source 
of neutrons. 
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The differential cross section do /d.n. for moncenergetic gama 
ray scattering 49 a function of the angle of seattering. However, 
ealewlations show (9) that this 16 practically constant for angles of 
peaitering greater than about 70 degreess In this investigation, the 
angle of seatiering, with fow exceptions, wos greater than thia, thus 
@ constant value wes assumed for do fir» 


Be Heutron Scattering 


Vigars 1.18 0 sketoh ‘af tho system devestigateds ‘the soattering 
haterial comprises a oylintérice] shell of radius ry thickness t, and 
height h, » one-quarter of wich i showmg The counting tube with on 
sotdve volume of radius a and height k, and the palat source are pope 
tioned on the center Line of the cylindrical shell with the center 
ine of the combing tube colneident with thet of the shell, The top 
of the active volume of the vertically suspended counting tube is on 
the same horizontal level, as the top edge of the scattering materials 
The point source is Ideated ona hosisentel Mine whieh 4s e distance 
h, fron the top edge of the seattering material end a dietenoe h fron 
the bottom edge. 
| the equation whieh gives the number of neutrons that are singly 
as follow. | 

The newtron flux ¢ wich reaches the element of volume at P a 
Gistance x, from the some (Figure 2) is _ 
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SCATTERING MATERIAL 
CYLINDRICAL. SHELL 


Figure 1. Geometry of scatteringe 


wy) a oo (2) 


whewe Q is the source strength in neutrons per second. 
. See effective volume clement ot P nowmmal to the path of a 
redially eniitied neviven ia 


& srd’rdo dr 
mis ie RE 


A redially enitted neutron travels a distance dx, within tis vole 
Clement. To detormine the probability of a neutron being scattered 
while travelin; this distance, the moan free path for scattering 

Ag WOS user, This, the reciprocal of the microscopic seatiaring 
cross section =., io the average distance a neutron travels betwen 
collisions, Thus, the probelid lity that a newtron will be scattered 
while travelling the distance dr, is dr,/ A, snd the probability p 


i 
that the newtron will be seablered within the volume clement is 
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Therefore, the numbex of: neutrons n which are singly scattered within 
this volume clement, wiich is Equation (2) times p, is 


én = ae ard ¥ (3) 
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4smuming isotropic and elastic senttering, the proportion of the 
scattered neutrons txt are seatteret toward a point detector is 
1h, 77 x," vhowe x, 40 the distance fron tho volume cloneat to the 
point detector, However, with the geometry of the problem that was 
Lavesticated here, the deuitdiig tube oditld uot be requrded aw a paint 
detector, Instead, the rablo of the solid angle 1 subtended wy the 
detevtor, as viewed from the elonent of volluwe, to the total solta 
engle of 7 steredians had te be wed, 
“The goldd angle ean best be found by considering a spherical 
@urfece (see Figure 1) which passes through the center of the top of 
the counting tubs and is generated ty awinging an are of radius 7, 
centered at the volume clament, Then by setting the praper limite on 
x ami Y , the solid angle subtended by the counting tube can be 

The solid angle o is 
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where suvneripte 1 ond 2 signity, reopectively, minima and maximums 
the Linkts on < and ¥ are interdependent in a rather complicated 
way due to the shape of the courting tube, To avoid thie comp-cetion 


and yet arrive at an equation which gives a good spproximation of 1, 
the Limits on << are set at 
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These listie o < are indepewient of the other angles, thug, 
Equation (4) becomes upon integration over « and substitution of these 
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Setting the limits on *% was not as simple a task a8 it first 
appeared. Yor instance, if ¥,, 0 talon to be cot” m/hty part of the 
Iie tontesthien of (ne bettan oF tap dencoter as Gm aukid Sue En) 
angles On the other hand, if oe $a taken to be out” (rma) /hy the 
Gilda socio would inp» stun ‘ison outside the cong tity The 
Sane voasening would apply to y g Wan b Se 2e88 Re Me When h is 
greater than h,, value of oot” ye v. would not include 
CORR ET eee eR) As a 
Compromise, the Mnits on Y were taken in two parte end were set by 
using the distance 2 minms d, where d is the moan intogreted semichord. 
Tide is fowxl from the equation 
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ue = oo ar (n=B,) (8) 


included by malcing the denominator of the latter Limit rd. 
These limits on ¥ are indepondent of Y » but are dependent on 
6 being releted through h py the equation 


ne Ry Fr a0t6 (9) 


Equation (5) gives the solid angle subtended by the courting tubes 
Tides divided by the total solid angle 4 1 steradians is the proportion _ 
of scattered neutrons thet will pass through the counting: tube volume, 
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The number of neutrons seattercd wihin the voluwe elemont is given by 
Equation (3)5 thus, this times the above ratio is the number of neutrons 
n, that are scattered into the counting tube by the volume element. $0 
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The Limite on / are servo and 2 77 and the linits on x, are r/siné 
and (r+t)/sin 6 where t is the poxpendicular thiclmess of the scatior= 
ing material, Integrating over r, ond / and substituting the limite 


give 
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yea, ) (tem §} emt alls (20) 
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Integrating in this equation over ) and substituting the linits 
(Equations (6), (7), and (8)) and then substituting for h from Bquation 
(9) result in an extremely complicated and lengthly integral of 0 « 
fo arrive at a simpler but still a good approximate expression for ny, 
the bracket of Equation (20) wirich de the integral equation for 1 was 
replaced by the average value of /-, This average value is found as 
follows 

Equation (5) is integrated and the limits as given by Equations (6), 


| sg ant tents ecskee 0 enn een Stat | 
deorsiven Yo dbus 969 at obit ovede sid aemls abbr gait CE) mottoupst 
9 etnemele ewaikos ocd yi ait yabtense odd oat bowmitene oun dads yf 


’ . ih gt 


ji. 
‘ 


tm x omen ante st Witte ome oth Y ao obhutt act 
ee teen seen ot a Recta\(sve) 2 
ee re een 9 La tentan 


ie etbute eit-putsetateces tae \ -cre:nbine ais! af catangon aA 
i Xe egopraie aterm) 
(9 8 Ne tempi voltznat tas Recanttigne elements mi at tere CO) 
| tf WR natemonepe erantzoma tons # LEI sox! waigabs 9 So ime we 

ee wel : 


SSIS at) ‘ ag ha Tet el. BE eco Pca a toate. Ss) 


Pe sears Hel Wt Antivir ge 6 # ete Tae his iy | 
‘e ©) soisant "e i 


Ly 


(7)5 and (8) ove oubetdtuted, Tide gives 


(h = h,) 
02 tx “he *y 
fim, “a (r=)* iad 2 (22) 
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The velues of -. throucghowt the vrenge of 4 ere found for the 
gounctey involved by sscignin: values to hy say n io? Bye Dagevoenel, ooelh | 
These values run from sero to bh, (Figure 3) wot’ tt: Candie Waa 
distance betwoen them being be Then the average value of 1, say 7, 
4s found from the equation 
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Yaines of -. for the veetous gcomtrics used in this investi cation are 
plotied in Figure 2.5 
Yeing thie average value of - 4 Boustion (10) can be written 
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From Figure 1, it is scen that the Limits on O are 
6 sony 


oa 
6 * cot = 


whore hy ig considered positive if the bottom edge of the cylindrical 
@hell is horizontally above the source ami negative if the bottom edge 
ia below the sources 

the integration of equnidion (1;) and substitution of the Mmiis 
gives 


Referring to Figure 1, it is evident that h\/r is the tangent of the 
backward angle at the sounse and h,/r is the tengent of the forverd 
angle, Thas the substitution af 
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imi combination of the natwrel les terme gives 
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go that the nuserater of the neturel Jog in the above equation can 
be welttien (1 « sin 8.) /cos Be A sind expression con be substi 


tuted for the denesinater to give 


the final expression for a. is foand by letting 
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“Chie equeiien gives the total mater of nowbrons por second thet 
ove singly sentiered by the cylindrical shell into the courting tube 
Volume, then evaluating Hy it must be rumenbered that b, Sa considers 
ed powitive if the potlader eric? of te oyMnirical shell is horizontally 
cose We sae cl nae AF We ati en So ean te sae 
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possibibity for the need of o slight modifLestion to this equation 
qutenn thes tin tno that a mandi. tewaktce, of the {idk mata euthed 
at onergies just above therm] are reduced to thom energies upon 
@olliding with the nuclei of the structural material. 

The energy EY of these neutrom efter the eqliiaion ie raleted to 
the energy B before the colliston by the formila (7, ps 10) 
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Figure 3. Variation of H with geometry. 
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: 
vhere A is the mass number of the scattering meterial and € ie the 
seattoring mgle, Since the neutrons of interest here are those 
eeatiored into the thermal energy region, the energy after collision 
BY ie B, whore B, de the defined maxima energy of thermal noutrons, 

Tn ‘this investigation or in sinfler setups with shells of 
jiructurcl material, the seattering angle has an average value of 
about 90 degrees. For this acattering angle and 2ST abuvinun alloy 
Et, using the above equation, is equal to 06935 Ee ‘Thus, on the average, 
these neutrons emitiod by the polyenergetic source in the energy range 
fron 5, to 1,07 E, are scattered inte the thermal neutron energy 
regione Yor example, if thermal meutrens are defined as those with an 
energy of 0.25 ev or less, the neutrons with energies betwoen 0.25 
and 00265 ev are scattered upon collision inte the thermal energy 
reglote 

For alnost all neutron sdurces, the mumber of neutrons @xitted in 
Scie wey warren ennthy tend dee 0 agli Shection of tie tote metros 
emitted. Hence, far practical purposes, all neutrons emitted as fast 
(alow) noutrcns con etl) be ponsidered as auch after they are puattered, 
Thus, Equation (15) is applicable to fast neutrons, as are the subse} 
quent equations given in this section, if Q is the mmber of fest 
ieachinandt yaw endiest. anatéed toy the tales 

Other measuremante of the scattering by the cylindrical shelis 
would be the ratio R, of tie neutrons scattered into the counting tube 
to those that reach the counting tbe directly or the ratio R, of the 
total neutvons thet reach the ecoutting tube to those that proceed 
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divectlye 

The manber of newtrone that arrive dircetly is the point sources 
strength © tims the gatlo of the solid mele subtenied by the end of 
the courting: tube to the total soldd mgie hi steradions,. The 
Selic angle subtemled by the bottom of the quarter of the detector 
thamenMigwelis. — % 
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the Lnite on Dare nero and ect” h Jay thus 


wk (oe 


The solid angle 1, subtemied by the bottom of the detector is 
fow times this, or 
Ly, SRT i- ne 
~ 
The propowiion of the sgurce noutetons wrich arrive directly et 
the detector is 1 ./ar » 80 the nubor n, of source neutrons that 


arrive directly is 
my 


n, 23 om bee 


The term in the parenthesis can be written os 
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where (see Figure 1) 
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Yoos 2 for fi + tana, gives the final expression for ny. Thus, 


By =e (1 = coo 8.) (16) 


The sexttcring ratio R. ms previously defined as n/n, (Zquations 
(15) anc (36)). So 


mere) 
eae hende beal ane tert. + n,) fn, whieh 
equals (n_/n,) + le Tims } 
Reh, th (15) 


yuntions (27) and (26) can be eppMed to the total neutrons from 

& polyenergetic source or to the fast neutrons fron a polyenergetic 
mercetic courctes These equations can also be applied 

to themed neutrons if the cross sectton for absorption is neglicihii 
Conmparec te the cross gechion for scatiering. Under similar cireume 
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stances, Equotden (15) can be used provided @ 18 the thermal newtrons 

If the abeerption cress section is not negligible compared to the 
scattering cross section, but is still semewhat less tien the scatier- 
ing cross section aml, if the thickness of the cylindrical shells wed 
$e omall compared to the neon feo path for sbsorption (which 2 must 
be few Equation (25) te be walid), a good fixet apprecination of the 
thermal neviron seaticring can be calowleted a8 follows 

the fraction of normelly incidext thermal neutrons that would be 
cboorted in the shed, ££ the ouctoviny omose section wine nocLicthley 
is (1 <0" “a sare Z ie the macroseopie absorption eross section 
Deas te thes ac ad ae. thie fraction times Squstien 
25) shvee a picd Steet ayaetintion ot the umber a, of Seema 
neutrons scattered by the cylindrles), @hell into the combing tube vole 
me, «Thus 
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is the number of thermal newtrong per second emitted by the source, 


C. Gemma Ray Soattering 


the geommtay for gemma rey scattering 4e the sane os that for 
neuteen seatboring (Pigure 1) and the development of an ecnation for 
mencenergetic gam xay soattering ta aimiler to the development of 
the ecuntion for neutron seatiaringes ah | 

If 4t ie assucd that np attenuition of thé gence rays occurs in 
the air, the gama ray Shox % witch reaches the elenant of volume at 
P a distense 7, from the sourcs is 


) by = age 
his, 


where S is the source strength in gamma rays por seconds 
The effeetive volume clenat at P is 


, sens 
adv saat ¥,¢ on, 


The differentiol erose section d o /Ao for cammm ray seattering, 
wiih hae writs of yor ineident photon per electron per cme” per 
steradion, is the probability that a gorma ray will be scattered Uurough 
an angle € inte the eledont of solid angle centered about ©, This 
exons section tines the musber of electrons n, in @ cube cis of the 
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scattering material times the volume clement gives the probability 
af s photon being singly scattered through the angle ¢ inte the 
eClesent of solid angle centered about 6 wille within the volume 
elononte 

Consequently, the mmber of gamma reys n, scattered vidle within 
the volute clement is the flux et the elament times the probability of 
seattering within the element, or | 


2 ds Ld oOd Yee 


The muber of geen 7096 9, vixich are soattored into the combing 
tube volume is the above equation multiplied by the solid angle sub- 
temied by the counting tube as seen from the voluew element, This 
Solid angle is given by Equation (1). To avoid the difficultics 
identical ie those enoountered in the neutron scattering equation 
development, the solid angle subtended by the counting tube was replaced 
by the average angle 24 Bquatdons (22), (22) and (15) are used to 
Gileulote 7, Values of 2 for the verious geometrios used in this 
investigation are plotted in Micure 2. 

Tb RAR GE NE SHY, WER Oe SHEENNER Eee Cie Some 
tube volume is fouwsxl oy multiplying the above equation by this average 
angles “Ins, 
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the differential eross section do /i 2 which is a function of 
energy and the scattering angle is approximately constant for scatier~ 
ing angles greater than about 70 degrees, In this investigation and 
in similar setups with scattering material shells, the seatioring angle 
is greater than 70 degrees axcept for shells with very omall redid, 
thus, do An wes commend to be constants The munber of eleetrens per 
@ubic Gm. is a constant for a particular sesticoring meterieal, These 
te coe ne Te a ee ee Sener ee 
eon be written 
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Where the subseripte 1 anil 2 signify, respectively, minima ond modem, 
As in the neutron senttoring ecuction development, the Limite on 
* Y 5 oad 0 are 
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SS ation Tiaity Dh, Se Geeawen pENeeiS Af the holies aige af 
the cylinirical ehell is horlsonially above the souree and negative 
if the botten edge io below the sou. . 

grating ani applying these ‘mits gives the expression far 
the number of monoenergetic gama raya per second thet ere singly 
Seatiered into the cowmtding tube volum, this expression is 


mt eee (PR) -Be = (p (3-3 
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The term wititin the brackets ie H wiieh was defined in the neutron 
| Seabtering equation development. A plot of H versus C. fer various 
values af P_ ia given in Figure 3. Placing Ii in the above equation 
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Gives 
Ss 2B (22) 


the xption 3, wee BR ware defined in the deveiqueds of the 
equation for newtron scattering. R, te n/a, where ny is the mumber 


of reciations tbat proceed dizectly from the source to the counting 


tube. ‘this is given by Equation (14) with Q replaced by 3, Thus, for 
Gera Pye, 
re & 

R = | 

8, © -0m Pa) a (23) 
ern 

R ¢8 + 2 (2h) 
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Ae Materials 


@ noutzon source, and a game ray sources 

the eluinun alloy was purchased from the Iam State College 
Instrument Sheps the paraffin and plywood were purchased from local 
from the Division lead Company, Suwzit, Tllinolge ‘he lead and 
tamated Beri were available in the Isborutorys 

Jom noulron source was wed, This sowee ig 

contlained in two right cylinders, ‘the cuter cylinder has external 
af the immer cylindery within whieh the source is sealed, wore 
estimated by comparison with dimensions given by Ravsa (8) for the 
Sam type of sources. ‘thus, ihe inner wight cylinder was estimated to 
have internal dimensions of 0.50 inch diameter and 060 inch height. 

the strength of this source on about June 9, 1953 was 3900 
willicurics, therofare, the strength at the time of the experinent (Mey 
1955) wos approximately 11) millicuriess The neutron production from 
a soures of this type 19 estinnicd at 2500 neutrons per second per 
millicuwie so the flux fron this souree was approximately 2.05 = 10° 
nevtrons per seconds Rauga (0) stated that the auceested mortem 
permicaible exposure to polonium-beryllium nevirons for a lO how week 
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is 3 neutrons por oquare om per second, Consequently, the tolerance 
Gistence in air for the souree used here was about 10 inches. 

Eliiet and others (9) investigated the energy spectrum from a 
energy in about 12 Nev. Graphical integration of the spectrum they 
presented indieated thet the newtrons omitted by thie type source have 
an average energy of about § Movs 

The game rey source wed uae Co”, This source had a strength 
of upproximtely 10 ts Calowlatione showed that a safe wortding 
distance in air for a hO hour week with this source is slightly less 
then 2 inches, the Co was contained in @ piece of Seotoh tape that 
wus rolled into the form of a cight cylinder with dimensions of about 
1/8 inch diameter and 3/8 inch height, this was sesled by ackdling other 
Sevich tape to it, thus, the source as used bad external dimensions of 
about 1/h inch dlaneter ani 1 inch heights 


Be Equipment 


The major pleces of equipment used are cham in Migure he The shieli- 
ing box has outeide cimengione of 23 inches by 23 inches by 29 inches 
height and the inside chamber of the box hae dimensions of 15 inghes by 
35 inches by 2) inches theight, ‘The walle of the box were made by 
gomivichine a i> inches biielmess of peraifin between tuo 4 inch 
to the counting chamber wich was Lined with 0,030 inch cadmiws chest, 
This thickness of cadeius will capture aeporoximately 96 per cent of the 
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Figure lh» Apparatus and experinental seteup 


A w= Sealer 

Bw» Voltage regulator 

C = Dotcotor and sourée suspension rig 
D — Detector and source in position 

§ a» Stand for holding cylindrical shells 
P w= Cylindrical shells 

G a» Bhickding box with front removed 
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incident neutrons that have energies of 0.25 ev or less witich were 
here defined as slow neutronss the parefineplywood sandwich by 
moderating any incoming fast neutrons inereases the probability of 
capturing: them in the cadmium, a bake to nooamodate the Gembing 
tube cable was drilled through the center of the top of the bor. Two 
(approximately 0,016 inch in dianeter) thet we ued for suspending the 
detector ani source wes fastened to theae hooks. 
"the @hST end Aleied 287 elueiam alley was rolled inte 
eylindricel shells by the Iown State College Instrument Shep. Since 
smooth shells were desired, the longitudinal jmetion was not riveted 
or welded but simply held together with Seotel tape, except for two of 
the heavier gage shells. vec Ana npeh-vnairrtt tei agi 6 
actions fine cord had to be used to hold the junctions 
| @21 of the seven different cylindrical shells wed wore 16 inches 
highs ‘Uhree of theses rolled from 2ST alurimm alloy sheet, had a 
shell thickness of 0.025 ingh and « radius of 3, leds and 6 inches 
respectively; tuo, rolled from Alelad 2)S7 alumimm alloy sheet, had a 
agli thickwess of 0.06) inch and a rmiius of 6 and 6 inches respective- 
ys and two, also rolled from Alolad 2457 aluminun alloy sheet, had a 
shell thickness of 04126 inch and « radius of 4.3 ant 0 duches 
respectively. 

For neutron counting, the counting eimewlt was comesed of a 3 
Mned prupertional counter connected directly to the amplifying cirewlt 
of an electronic sealers ) 
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General Electric and has @ qylintrical active volume of 1.25 inches in 
Gismeter by 5<0 inches in lengths 


circuit and is equipped with o discriminator, a gain control, a 
register, and a timer. ‘The input voltage to the scaler was maintained 
at 115 volts by a "Stabiline™ type 1USIOL voltage regulator. 


The operating characteristics of the neutron counting cireult were 
davestigated thoroughty, With the diseriainator svt at 70 act the gain 
gwitch on Fy 0 25 volt platean of 265 per cont slope was found in the 
voltage range centered about 675 volts. Thus the operating voltage, 
discriminator, and gein were set at those values for neutron countinge 

A Traserlab 1068 Geiger tube and the above scaler were used to 
count gamm rays. This Gelger tube has a cylindrical active volume of 
le inches diaeter and 24375 inches lengths 

Additional equipment included a level, a plunb Line, and sealess 


Cy Procedure 


| The procedures finally used for eounting neutrons and gama rays 
wire the result of experimenting with varlous shielding ¢ Fs 
until the most satisfactory arrangenents that were possible with the 
equiraent available were dotemined, 
The shielding bors which was explicitly built for the neutron 
eounting, did net prove satisfsetory, Jt reduced the neutron background, 
both fast and slow, te practically sero, tut with the souree and 
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detecter in the boxy its pestiering of source newtrons «rently over- 
appreiat vely 20 times che count outside the bex and the slew neutron 
count was approximately tripled, ‘berefere, the neutron counting wes 
Gone outside the bors 

A Lew expleratery coumte outeide the box showed thet the scattering 
the experimental arrengemon’t cham in Figure 4 resulted. 

‘the shielding box, as expooted, we found to be ineffective as a 
game ray sideld, ‘he shielding material available included 10 pieces 
of lead each with dimensions of about ¢ diueh by 6 inches by 16 duches, 
23 pieces ef lead each with dimensions of about 3/) inch by 2 and 3/) 
imehes by inches, end 2 boxes and 2 bags of beroted sand aversging — 
about 10 inches in tiiclmess, — 

With the some vay sourse ond detector suspended in the boxy te 
Of the lerger picces of leed wore pleeed on the Moor of the sowing 
chenber to determine the effectiveness of the lead in redueing the game 
rey seattering caused by the air and the ree, This arrangement did 
not noticeably reduce the seattorings In facty with these wo pleses of 
load da position ani all the reseinkng available oad and the berated 
send placed next to the outside of the bony the comt stil. was not 
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the box, whexe a few oxploratery counts showed that the scaticring 

fy inside the box, Those explovetery cowlts indicated viet the - 
scattering was redueec to the winieam possible yy suspemiing the source 
‘below them, ‘the best arvrancenent was foul to be 1) inehes by 16— 
‘dnohes by 16 inches of lead centered directly under the counter ani 
‘geuree with the remeining four Llerge pieces of leod placed flat on the 
‘Plocr one on cach of the four cides of this centrel arrangement enc 
with the 23 smaller pieces of lead placed in the spaees betwoon these 
fhe methed of suspanting the source ani detector for gama ray _ 
‘eounting wos sistiler to tat chom in igure except, of couraey the 
source and detector were suspended in a position closer to te floor, 
count ond enc ether cowrt made to determine the mumber of slew neutrons 
with the detecter covered with 010 inch of cadmium. Tisie thickness 
mewtrons that bave energies of 6.25 ev or Less. Since any seutwon with 
an energy higher than this was eonmidered to be e fast neutron, the 
tomts token vith the detecter covered wore dua to fast neviwens, Only 
‘fast neutron counts were token because penciically oll te newton 
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Guitied by a sourve of tris uype are fast neuirame 

Since the resulis ai tis investigation depended to a great 
every effort war mie to assure such conditions for both the aeutron 
(approximacely 0.016 inch in diameter) which weve fastened to four eye- 
hooks corewed inte the upper side of the eress bar of the suspension 
apparatuses ‘dhe cords were secured in a mamer that would allow the 
Gisiance botwem tbe detector auc the cross bar te be either shartened 
er lengthened uy simply tuming the heoke in the proper directions 
This method was clse used to vertically align ine counting tube. The 
amd te lead blocia in the cease of gauma ray coming or the sland for 
Belding the cylindrical shells in the case of neutvon counting was 
‘the counting tube was cheoked with a lever and also by sighting along 
@ pled Line thet ws suspended belxind tue apparatus. ‘the background 
The seure was suspemied below the detector by a plece of fine 
ford which wes fastened at each end to another plece of cord that was 
h between the sours and the bobion of the astive volue of tie 
Getectar war measured ani then cweked by mesouring the distance fran 
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as oxtinnted from the dimensions -iven previously. The centering of the 
along the detector so that 4% projected past the position of the source 
amt then meosurin: the horiventel distence from the level to the source. 

of Sie rey court and beth @ fast end slow neviron count were rade 
with gust the source and detector in position, ‘These counts wore made 
for each vellne of h, used andy when eoxrected for the saattering daused 

fe determine the counts thet are enused by the om of the 
detector by the alluntmm alley cylindricel shells, the shells vere — 
Shells hat to cotnelde with the center Line of the detector, This align- 
shell at various positions around the periphery of the shell, furthers 
tere, the shells vere checked with the level to determine theiz — 
ferticel climment., When the neutron detector was eovered with eadetun 
this method of measuring around the periphery of the shell could not be 
f@llowed, therefore, the seven different cyliniriec] shells used wore 
wade on a piece of heavy paper that was taped to the stem! that 
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This syaten of positioning introduced the possibility of 
wiletected horlucntal movement of the eliguuent paper, the stend, or 
the detector, or the possibility of the detector and source not roacine 
ing signed with the true vertiesl. An attempt wes made to eliminate 
these possibilities by making the apparatus concerned as secure ag 
possible. Furthermore, to bo sure that the ceonetry remained ine sae 
during the counts, the verticc). alignment of the BY” tube was chesked 
comie were taken the naricings on the piece of paper on the ctand wore 
@hecked by placing one of the cylindrical shells in the position 
imiicated by the mazicings ond masuring to determine if the shell was 
still centered about the detector ani sours, In all cases no 
horizontel movenent was detected, Of cowee this did not exelude the 
the counts determined by positioning cash of the cylindrical 
ShOlls about the source aml the detector were corrected for the scatier- 
ing eauged by the airy and room ani the resulting cout was that due to 
the ous of the radiation seatterod into the detector by the shell and 
the radiation that procesds directly fran the souree te the detectors 
No correction we wade fer the coccdiary effect of the roan or air 
scattered radiation, wiieh normally returned to the courting tube when 
the cylindrica] shell wen not in position, being scattered evay from the 
detector by the cylindrical shell when it was in positions 
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Vig EXPORTMRITAL RESULI AND DISCUSSTON 


‘the experimentel results for neutron seatiering by the e@lydioum 
alley cylindrical shells ave Muted 4n Table Is Phe difference between 
tie Sut two owtting retes Listed for bot hy equel |} inches and bh. 
equal 5 inches is the counting vate due to Slow nouteonas Por 3 inehes 
this difference is 27.3 ¢ 12 and for | inohes Bt-im 2567 * ale ‘Thus, 
two source positions, indicating that all the slow neutrons reaching 
the detector wore the reoult af seattering by the aiy and room and thet 

the fes% neviven counts civen im Table 1 lad te be corrected for 
the stuttering due te the aig and ream. In making thie correstdon it 
was agsuned that the nunber of fast neutrons seattered by the adr and 
room into the counting tube was not influenced by the aluminua eylindri- 
cal shells being present or by a sual novenemt of the cours 

The magnitue of thie correction ean be calculated from the 
formals 
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Table 1 
Hexizwon counte 
shell Counting Het 
od (minutes) rate (2 counted 
, Hain 2 so 
(ime) (ime) (ins mime) 

none 3 = hi3e8T1.s1 fast and slow 

none 3 5 +005 
4 0.025 16 3... e& el 7065 fast 

a 0.025 2 3 —& Wel t O65 fast 

6 0.025 3 8) 1655 * O65 fast 
6 O06) 16 3 60 *Oe5 . fast 
8 O80) BB 3 &0 +Oe5 fast 
les 0.126 16 3 60 Leh t O06 fast 
&. O16 216 3 60 6661005 fast 

none ly 35 eh = fast and slew 

none 4 re 6] t nk ‘ 
p 0.025 16 " 60 1st Cel Last 

5 O.025 16 60 od t Cal: Last 

6 0.025 h & 9e5 * Dol Last 
6 00.06, 1% k 60 «9 * Oak fast 
& 0.06, h 60 553: Ools fost 
lsS Oe % , 4 60 We? t Ook fast 
& wu | 60 Wee * Ook faat 


ives,” is the totel fast neutron counting rate 

Ry 4 the fast neutron counting vate due to those neutrons that 
proceed directly from the source to the detector 

NM beg fest newtron counting rate due to those nevtrons that 
are scattered by the air and the room into the detector. 


tne 
eteprietchpiataprpes nara 3 ‘ia 
— qetaotel oa? oF semen edt aot ~ghfeorth baecwny wie 


| tad eatto0n send of uch ater gekinine sertoas tack ald et _ 
erodoatob at oft mer: at San eto ast i beneidane am | 


Eat ae 00! 5 
J |—oe 
vy } | See 
{ . ) . ¥ 7 
i ‘ F, 1 : , : “ * ne AY F 
: Was 
! ~ f im 


bB 


Ag the distance h., batwedn thie source end detector is changed, 
B,, Sab ny needing te BynteN FE This equation ie besed on the 
asoumption of a point sources Coleuleiions made by replacing tie 
toulgen source used hare with @ series of gentrelly locsied point 
sources ahowed that this assumption is still valid for values of bh, 
equal to 3 inches ond  anchese 
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a tee radius Of te doleetor wet tae 18 O25 iy v0 
that the-aiseve ratio 4# LeiSs ‘ a 


eis =(: by Ny 


(a) sh -, 


Dividing the first of these womiane by the latétor, subctituting for 
the ratio (,)/6 By, 2008 wrrengiag results in the equation 
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fable 2 


Fast neutron counting rales correciod for air ani room 
seattering and total neutron seattesting ratios 


fixnxical ~~ ~SCSS a. 
shell comting Re, 
dimensions ay rate (R) Mp | *~ 
Y + counts (counts  aperi<- theow 
(ims) (ine) (ims) per per mental retical 
miurte) siante) 
hes 0-025 3 WMertOed 31507113 wt fie ims 
5S 3 Med7005 Mel*le3d 12020'6, 116 
6 O06, 3 Ws2t0s5 We5the3 pl ee de020 
ue Sie 3 Eies ES ee 
G 06126 3 e805 Wel2l,3 1,020,126 is 
none bh  DeFftOeh «= 900 
o> G,025 & Pols*; AsGh70.209 1.0%; 
eS 06025 1, We3*Oe 906+ 1.06770.212 12023 
0.025 & FeStOes Oebtled 0696700200 1,013 
G&G O00G,  DaltOnks .Pebthnd 1s022100205 1.03) 
8 O00; & 969:0ch Se2tle3 1e022%0.208 1,028 
a 09126 : 1s7200h, hed 1e11210,205 


This equation, upon substituting the fast neutron coumting rates withe 
tA. symtiricn. shedl, in pasttion fer the tu values of h weedy 
Geve a value of 0.72 1,2 counts per minute for Ry The fast neutron 
Quntiny robes corrected for this scatiering are given in Table 26 
The value of ty is 16 inches for 011 the cylindrical shells, therefore, 
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it is not livted in this tabla, ._ 

the experinental totel ueulwon seabiering retios Rys as determined 
by dividing onch corrected courting rate taken with a eyLindrical shell 
in position by the corrected counting zete when no shell wes in 
position, 16 also Listed, The last columm in Table 2 Mats the 
theoretical values of 2, which were computed by using Zquation (18). 
values of R, vay supossilile due to the statistical deviations in the 
experinantal values. ‘this large statistdcal deviation ie for the most 
part oaubed Uy the deviation in the counting rate due to the peatiaring 
fron tho air cil the room Every peesil » effort wad made to reduce 
ttn uae aborng to & eekahieDy eeptae owe, towne 
these efforts were not gubcsaat tle | 


Be A 
the wiperinnuhal veuihied Cir Ginken tiny deaiteuing toy Web’ Medan 
for oll the shells 14 is not Mieted in the table, 

The net counting rates sted in thé lest coluem of Table 3 had 
to be corrected for the seatioring due to the alr ani room. This 
correction wis mode in 2 manner identical te that used for the 
wmieh sralicr in dimensions than the neutron source, thus the asoumtion 
of a point source, as is required to apply Equation (16) is valid, 
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2% wes assupecd that this value OF, Bag: REPOS. SOREN OS 
without o eyliuwiesl shell pesitionsé around the sourge aml detector. 
The coma rey counting retes corrected for Ri are Listed in Table kh. 

scatman iy determined total cama rey seatiorin: retioe are 
ease listed, These ratios woe coleulmied ty dividing the corrected 
Gomme rey courting rate with a ovlindrice] shell in postition ty the 
cormicted sountins rate Wien no biel wai In position, The theoretical, 
whlnes wi 34 9 Caleisted fron Detition (2h), ave Msted in the last 
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colum of Teble le 

dn sapecien han ah en serpent. veh ene ae A, : shows that in 
to make sny positive comparisan between wen and the theoretical values. 
For inoiances with ihe eylincriec] shell of 3 inches vedius and 04025 
Seah sheds thisieene and Hith panel ta. 6 dnabete the percentage 


is 3012 13652 por conte 

x As im the emerinentel souks for neutron seatiening, the B 

nt contiintion to tke lange deviations vas the statistioal 
Gunlubien in the calociated aouleing wate den tp tie aly and die waa 
geattcring, This was reduced to the lowest possible value with the 
equiyment available, but as ia evident it was not redveed enough, 
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it de believed tiat in experimental procedure which wlll give 
weeful yosulie can be devised for measuring the radietion seattored 
by alwximm alloy cylindrical shelics 
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In the ease of neutron coming, a detector with a higher 
efficiensy for counting fast neutrons or a stronger souree. oF @ 
costination of these two would inerease the probability of securing 
useful results. For gama ray couting, the taking of lonser counts 
may inprove tte results. However, i i9 still a protebility that te 
eoattering caused Wy the air end the roo vould be the predominating 
factor in te statistical aocuracy. If tikke 49 found to be tu, 
mother method of eperinontally detemining the scattering cowed by 
tie oylindrical shells would be desirebles | 
"i In ny room, the soatterins coed Wy the at and the toon i2 
mainly due to tie latier. ‘Thus, the Iogiesl conelusion is to elininate 
De suum sits em be done by suspending the source, detector, ari 
“ qylindrical abel fre say, « guide vixe of a radio tover or sone 
other similar structie as wos done by Glasgow (1). If the experie 
mental systen is sone distanee above the ground and far enough away 
fron the tower or other structure, the system is essentially in m 
infinite air mediue and the only oxtreneous scatter would be from the 
aire 

As o further refinement, the equations developed in tids 
investigcition for radiation seabtering could be modified to include 
the scstiering caused by the air. Glasgow (1) gave an equation for 
Scattering of neutrons in an infinite air medium and Plesset and Cohen 
(5S) presented an ecustion for semua ray scattering by an infinite 
mec Ute 
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the experinental rasulity althnuch tending te mypart the 
theoretical, cama my scableria oaleulations, did not prove or 

“Ame wlaiomte enperiaackal agian op peut mdi as 
efficient fat neutron detector or a stronger souree or both would 
probably be needed to secure useful exparinental regul ite | 

‘the westiering of neutrons ax yara reys by the aie and the 
oon vas the nredominant factor in producing the large statistical 
Govietsens 4n ihe cowected counting rutons. Theos statistical 
deviations wars the mejor cence of, tie poor merulies although Ue 
Jou neutron counting rates were & contributing factors ee oy 
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55 
X. APPANDIX 


Ay Staple Analytical. Computations 


the average valves of the solid angle subtended by the 
detecter were ecleulated by velng Equations (11), (12), and (13). 

The neutron detector ued im this investigation has an active 
volume in the shape of a right eylinier with diaemrions 
dnehes dianeter end 0 inches height, ‘Thus, for this detector the 
value of h, is § inches, a is 0,625 inches and d which is equal to 
(7 a) /y is O91 inches, for this ecleulation a cylindrical shell 
with a 3 inch radius and U6 inck height ws wed, the values 
assigned to h were Oy 1, 25 3yceeeeneeeslliy 15, 16 inchens Equation 
(32) wes weed with volues of h from 0 through 6 inches and Equatdén 
(12) wes weed with velues of b from 9 throwh 16 imhes. For h- 
equal 0 inches, substitution into Equation (22) nn ocual 04392 
axl, for h equal 2 inch, A equal 065396 

The value of 2. wes thus determined for each of the 17 valucs 
@sulgned to bh and these o's wore then sumed using Equation (13). 
For thio particular cylindrical shell ond detectar, 2 vas fotmd to be 
06367 eteradians. Tis value is plotted on the wpper curve of | 
Pigwe 2 ct xf, equal 0.10% 
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For £,. equal «30 degrecs and 6 equal 70 degrees, substitution gave 
H equal 2285, 

the theovetical velucs of Ry the total neutron scaticring retio, 
ave caleulated using iquation (10). For this sample coxputation a 
valuo of 3 inches for h, ami the cylindrical shell with 6 inches redius, 
0.064 ineh shell thickness and 14 inches height was selected, The value 
of 2 for this goomwtry and the nowtron detector wed wes taken from 
Figure 2, This value is 0.159 steradiens. The baciward angle P,, for 
thie geometry 1s +3%—5 degress and the forward angle 6, is Glss 
dagrace, thio the value of Ii es siven in Figure 3 is 2el2. The mean 
free path for scattering, A.. was asoumed to be constant at the thermal 
value throughout the energy spectrum of neutrons emitted by this 
Semwee., For the cladding wiich is $ per cent of the total thickness 
@f the sheet, A, is 11.76 on. and for the 2487 alumimm A, is 10.6 
Gy Thus, A, for tie Alelad 2ST ie 0.05 times 11.76 ens plus 0695 
times 10.60 cme which is 10666 om, the detector angle (6, for this 
detector and geanctry is 11.75 doprees. Suvstituting these values into 
Bquation (18) gave KR, equal 103k. 
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the total gauss roy scatioring retio. For this semple colmulationy a 
velue a 1, inches for hy anc the ¢ylinuricel shell with 6 inch radius, 
0.06), ineh shell thickness and 16 inches height wes seleeted. ‘he 
Geiger tube hes a cylimivicel active volume of 1,5 inches diameter by 
2.375 inches length, ‘The value of 2 for thie goumetry, as teken from 
Figure 2, ia 6.052 steradionts 

Ascuming thai the enount of inpurities present is oneshelf of the 
naiinis BR,» the number of electrons por cubic cmey for the 2st 
aluminum alloy was caleulated to be 6.02 x 10°? and for the cladding, 
7493 = 10°, ‘imsy the weighted value of m, is 0,05 tines 7493: 
40” plus 0.95 times 0,02 x 10° whieh 419 6,02 x 107, 

the baekward engle for this geanetry is «56.0 degrees ani the 
forward engle is 46.75 degrees, thus the value of H as given in Figure 
3 is 2617. The detector angle for this geometsy is 10.6 degrees. 

The differential cress section do Ain. for gamma ray scattering 
ig a function of both the gomue ray energy axl the angle of senmttering., 
However, it wes previously assumed thet a constant velue could be 
tmet for wnglen of seattering gronter than about 70 degreses Plesset 
ami Cohen (5) presented a plot of do fin for various game rey 
@nergies ani angles of scattering, For 1,02 Mev game rays, the 
average valve of d o fin. for soattering angles greater than 70 
degrees is 0.89 x 10~” per eloctren per square ems and for 1483 Mev 
Rimes cups £% 10 Ogth 28” poe electwon por equeze tite 

Every disintegration of a co nucleus resulte in the emission of 
& cascade of tm gan rays, the first with an energy of 1.17 Mev and 
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» the second with on energy of 1.33 Mev. by using straight line inter+ 
polation between the two values of do fir. given above, do fi n 
Sow Se LaST ley enone eee wan teeeh to be Cll a BO” per cleetene 
per square em, ond for the 1.33 Mev gamma mys 1t was evalunted as 
ee Sinee the number of gamma 
ways issued by the source are equal for each of the two energies, the 
finel value of do fd - was fou by mibtiplhying each of the two 
veluwes of dco fan by 0e5 and akiings Thus do fin wed in the 
Seapets fr 8, 20 O78 = 20 par tn par oqu a 

ait Substituting the quantities evaluated above gave a velue of 140067 
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